Magnetotransport of holes in Si inversion layers of 1D MOS capacitors on arbitrarily oriented substrates is simulated. The 6 × 6 k · p Schrödinger equation is solved self-consistently with the confining electrostatic potential to calculate the 2D hole gas subband structure. The transport of holes within the channel is investigated by solving the stationary Boltzmann equation (BTE) for a small lateral driving electric field. The distribution function is either expressed as a polynomial of the magnetic field or expanded into harmonics of the polar angle within 2D k-space (Fourier expansion). The Hall factor and the second order magnetotransport coefficients are calculated. The approximation of the second order coefficient by the square of the channel mobility is shown to fail.
Introduction
Magnetotransport measurements can be used to characterize the inversion layer transport in MOSFETs [1, 2] . To this end the Hall factor or the second order coefficients, i.e. −
2I
∂ 2 I ∂ B 2 | B=0 (I: collector current or drain current, B: magnetic field) are usually measured. The simulation of magnetotransport in hole inversion layers for arbitrary magnetic field strengths based on the solution of the k · p Schrödinger, Poisson, and BTE is presented in this work.
Theory
The Hall factor and the second order coefficients are calculated for homogeneous inversion layers of 1D Si pMOS capacitors based on the solution of the stationary BTE. The quasi 2D hole gas subband structure with arbitrary surface orientation is calculated by solving the 6 × 6 k · p Schrödinger equation self-consistently with the confining electrostatic potential. The magnetic field of arbitrary field strength perpendicular to the substrate surface can be considered. The transport model includes scattering by phonons and surface roughness. The scattering integral is approximated with a relaxation time τ which depends on energy and subband index. The calculation of individual relaxation time for each scattering mechanism and of the total τ for all scattering mechanisms is described in [3] . Since the driving electric fields are small in magnetotransport measurements, the stationary BTE is linearized w.r.t. the driving electric field in channel direction [4] . The linearized BTE can be solved by expanding the distribution function into a polynomial of B:
is recursively calculated from g (n−1) . A problem of this expansion is that the microscopic inverse mass tensor (MIM) occurs in g (1) and its higher order derivatives in g (2) , (3),.. . These high order derivatives are difficult to evaluate numerically. In order to avoid these numerical problems a new method based on the Fourier expansion of the distribution function is used to solve the linearized BTE. This is the 2D k space analogue of the spherical harmonics expansion in 3D. It takes only a few CPU minutes to calculate the Fourier expansion coefficients for all energy levels and subbands.
Results
In Fig. 1 the simulated zero magnetic field mobilities of unstrained Si bulk pMOS transistors are shown, which reproduce the measurements from [5] for (100) and [6] for (110) surface orientations very well. The effective mass (Fig. 2) Fig. 3 . The Hall factor and α calculated for small magnetic fields by both, the polynomial and Fourier expansion methods, are in good agreement. The often used approximation for the second order coefficient α ≈ μ 2 on the other hand causes a very large error. Fig. 4 shows the mobilities for strong magnetic fields. It can be seen that the polynomial expansion fails at higher magnetic fields. This is due to numerical errors in the MIM and its derivatives. In case of an analytic approximation for the subband dispersion relation this problem vanishes (Fig. 5) . 
Conclusion
The Hall factor and the second order coefficient have been calculated by a new Fourier expansion method. The approximation of the second order coefficient by the square of channel mobility is shown to fail. In the case of strong magnetic fields numerical problems occur in the case of the polynomial expansion, which are avoided by the new approach. 
